Summary
There is abundant clinical evidence that gas exchange in paSurfactant-deficient premature newborn rabbits obtained by hysterotomy on day 27 of gestation were tracheostomized at birth, kept in a multichambered pressure-constant body plethysmograph, and subjected to intermittent positive pressure ventilation using a standardized insumation pressure (30 cm HzO). A sequence of various frequencies (20, 40 , and 60/min) and inspiration:expiration (I:E) ratios (l:4, 1:2, 1:1, 2:1, and 4 1 ) were applied, and the effect of these various respirator settings on tidal volume (VT) and flow was evaluated by means of a Fleisch tube connected to the body plethysmograph. Irrespective of respirator frequency, increasing I: E ratio from the basic setting of 1:l resulted in increased VT; decreasing 1:E ratio had the opposite effect. There was a nearly linear relation between variations in I:E ratio and VT, but the slope of the regression line was steeper a t frequencies 40 and 60/min than at 20/min. At a frequency of 20/min, values (X + S.D.) for lung-thorax compliance at I:E ratios of 1:4 and 4 1 were 0.50 + 0.26 and 0.99 2 0.42 ml/cm HzO*kg, respectively. Corresponding figures for frequency of 60/min were 0.21 + 0.10 and 0.73 f 0.36 ml/cm HzO-kg. At the two higher frequencies and low I:E ratios (5l:l). the duration of the inspiration phase was not sufficient to provide the maximal degree of lung expansion attainable with this insumation pressure under static conditions. At frequency of 60/ min and 1:E ratio of 4 1 , the expiration was short enough to prevent zero flow before onset of inspiration.
Speculation
The wet lungs of premature neonates with surfactant deficiency are not ventilated effectively with a conventional inspirati0n:expiration ratio of 1:1, or less. However, by increasing inspiration: expiration ratio to as much as 41, the viscosity of the fluid in the airways can be overcome, and the lungs can then be ventilated with a lower insumation pressure. This alternative setting of the respirator should reduce the risk of long-term complications, such as ~bronchopulmonary dysplasia, in ~"rfactantdificient babies treated with artificial ventilation in the neonatal period.
Patients suffering from severe neonatal respiratory distress syndrome (RDS) frequently require assisted ventilation. In these patients. the obvious aims of the respirator treatment are to correct abnormal blood gas levels and to ensure survival with a minimum of lone-term com~lications. This form of treatment. however. U might turn into a cruise between Scylla and Charybdis; whereas high doses of oxygen and/or high insumation pressure levels might be needed to increase the oxygenation of the patient, the same therapeutic measures clearly increase the risk of bronchopulmonary dysplasia (4-6, 29-31, 33, 35, 37). tients with RDS can be improved by applica%on of passive endexpiratory pressure during spontaneous or artificial ventilation (2, 3, 8, 11, 34, 36) . This type of treatment apparently prevents alveolar collapse at end-expiration and thereby reduces the intrapulmonary shunting of blood through nonaerated units of the parenchyma. Studies on RDS patients have also indicated that a similar beneficial effect can be obtained during artificial ventilation by significant prolongation of the inspiration phase, i.e., by shifting the inspiration:expiration (1:E) ratio from conventional I: 2 or 1:l to as much as 4:l (32, 33) . However, this concept has apparently not been tested systematically in animal experimental models.
The purpose of the present study is to evaluate the influence of varying I:E ratios on lung mechanics in surfactant-deficient, preterm newborn rabbits. Such animals usually require artificial ventilation to survive the immediate neonatal period (20) and therefore serve as a useful model of patients with respiratory insufficiency due to prematurity.
MATERIALS AND METHODS
The experiments were carried out on a total of 32 newborn rabbits from four litters obtained on day 27 of gestation (term = 31 k I days). At this stage of development, the structure of the lungs is compatible with gas exchang;, but adequate amounts of surfactant ~h o s~h o l i~i d s have not vet accumulated in the air spaces (10,' 16, '24) . '~o d~ weight & the experimental animals ranged between 17 and 44 g (X f SD = 34 f 7 g).
The pregnant doe was killed by a rapid injection of 2 ml sodium hexobarbital (I00 mg/ml) and 5 ml of potassium chloride (40 mg/ ml), and the fetuses were immediately delivered by hysterotomy. We tracheostomized the fetuses using a metal cannula as tracheal tube. The animals were operated on in sequence, and the average time for the tracheostomy procedure was approximately 2 min per fetus. Before and after the operation, the animals were kept at the environmental temperature of 38°C and stimulated to breathe by gentle manipulation. When all animals (maximal number/litter = 9) had been tracheostomized, they were relaxed by intraperitoneal injection of 0.05 ml of pancuronium bromide [Pavulon (0.2 mg/ml), Organon, Oss, Holland], transferred to a multichambered, pressure-constant body plethysmograph heated to 3g°C, and connected to a ventilator system designed for parallel ventilation of fetuses at varying frequencies and I:E ratios (Fig. I) . As a basis for this system, we used a modified Servo Ventilator 900 B (Siemens-~lema, Solna, Sweden), permitting variations in I:E ratio from 1:4 to 4: 1. This equipment provides pressure-generated ventilation with decelerating flow using excess flow through the ventilator system.
At the onset of artificial ventilation, the respirator was set at a frequency of 40/min, I:E ratio of I:l, and working pressure of 35 cm H20. The animals were ventilated under these conditions for 1 min (to overcome initial resistance due to capillarity in finer conducting airways) and then ventilated with the same frequency and I:E ratio at a pressure of 30 cm H 2 0 for approximately 5 min. Initial values for tidal volume (VT) were then determined in each fetus with a specially designed Fleisch-tube (19) connected to the body plethysmograph, a differential pressure transducer (Siemens-
Elema EMT 34), and amplifier (EMT 31), an integrator unit (EMT 41). and a recorder (Siemens-Elema Mingograf 81). The setting of the ventilator was then changed, and the effect on VT of different I:E ratios (1:4, 1:1, and 4: 1 ) was tested at the frequencies 20, 40, and 60/min on an alternate basis at constant insufflation pressure (30 cm H20), allowing 2 min of equilibration at each type of setting before recordings were made. In 16 animals (two litters), the protocol was extended to include two intermediate I:E ratios, 1:2 and 2:1. This prolongation of the experimental procedure resulted in a significantly increased incidence of pneumothorax and was therefore not applied in all litters. Finally, the animals were ventilated for two min with the same pattern as during the first recording (30 cm H20; 40/min; I:E ratio, 1: I). and VT was then registered as above. The course of the experiment in individual litters is illustrated diagrammatically in Figure 2 .
At the end of the experiment. electrocardiogram tracings were obtained from each animal by needle electrodes and recorded on an oscilloscope (Biomonitor 501; Zwonitz, German Democratic Republic). Animals showing cardiac activity with regular QRScomplexes were counted as survivors.
Surviving animals were killed with an overdose of intraperitoneal sodium hexobarbital, their abdomens were opened, and the diaphragms were inspected for evidence of pneumothorax. Animals were included in the study only if they had survived the experimental procedure without developing pneumothorax or other complications related to air leakage.
We futed the unopened thorax of the experimental animals in 10% formalin. The lungs were then embedded in parafin. and 5 p-sections from the basal portions, stained with hematoxylin and eosin, were examined microscopically with particular reference to alveolar expansion pattern and to the degree of epithelial lesions in conducting airways. towards improved compliance in all surviving animals (Fig. 2) . Relative volumes for each frequency were therefore calculated using figures obtained at an I:E ratio of 1:l as reference values lnear relation between variations in I:E ratio and VT (Fig. 4) . However, the slope of the regression line was steeper for the higher VT l7"
frequencies (40 and 60/min) than for frequency 20/min. Lung-thorax compliance was not simply related to mean airway pressure, but tended to decrease with increasing respiratory fre-200 quency at each I:E ratio. This variation was most prominent at an " +** I I:E ratio of 1:4 (Table I) .
Flow and volume tracings revealed that at high frequencies (40 and 60/min) and low 1:E ratios (sI:I), the duration of the next inspiration, whereas at high frequency (60/min) and high I: P l J U L i v l n n n r l I E ratio (4:1), the expiration phase was short enough to prevent zero flow before onset of inspiration (Fig. 3) . 
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COMMENT
To provide adequate aeration of the liquid-filled lung at birth, 79 i i 2 3 -~2 F r e q u e n c y 6 0 / m i n the insumation pressure must be high enough to overcome capillarity in the finer conducting airways (1, 9, 12). Furthermore. this "opening pressure" must be applied for a period of time which is I:E long enough to overcome viscosity of the fluid that has to be P &
mLT.
displaced from the bronchial tree as the air-liquid interface moves towards the alveoli (7). In the full-term newborn rabbit, for
instance, the inspiration phase of the first breath is characterized by a transpulmonary pressure gradient in the order of 35 cm Hz0 maintained for about 0.25 sec (19) . High insufflation pressure levels and prolonged inspiration phase have also been documented
in recordings from the first breaths of newborn infants (14, 15. 18. 25) . Another characteristic feature of normal neonatal adaptation
m~lmin
is that functional residual capacity is established quickly after v + w I birth (13, 17) . This adaptive phenomenon depends on surfactant phospholipids, which rapidly adsorb to the air-liquid interface and prevent alveolar collapse at end-expiration. In the surfactant- The same pathophysiologic mechanisms generate specific probof the expiration phase is short enough to prevent zero flow before onset lems also during artificial ventilation. It is obvious from our of inspiration. I = inspiration; E = expiration. present data that immature lungs are not effectively ventilated with surfactant deficiency), there is an optimal setting of the ventilator which can be arrived at by testing the effect of variations in frequency, I:E ratio, peak pressure, and PEEP on gas exchange and cardiac function.
